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NATIONAL ADVISORY COMMITTEE FOR AZRONAUTICS

TECHNICAL NOTE NOe 1059

EFFEQTS OF TIP DIHEDRAL ON LATERAL STABILITY AND
CONTROL CHARACTERISTICS AS DETERMINED BY TESTS
OF A DYNAMIC MODEL IN THE LANGLEY FREE-FLIGHT TUNNEL

By Herman O. Ankenbruck
SUMMARY

: The effects of tip dihedral on lateral stability
and control characteristics were investigated by flight
tests of models 1n the Langley free-flight tunnel. The
goometric dihedrsl angle was varied ocver a wlde range
wlth the dihedral breaks at the wing root and at 50

and 75 percent of the semispan outboard of the wing root,,
The vertical-tall area was varisd from 5 to 15 percent of
the wing area. The model was flown with various comble
natiogs of these variables at 1ift coefficilents from O.4
to 1.0,

At low Xift coefficlents and at similar values of
effective dihedral and directional stabillty no differ-
ences were notasd in the flying characteristlics with full-
span or tip dlhedral. At high 1ift coefficients, however
large angles of tip dlhedral caused lightly damped laterai
oscillations (predeminantly rolling) which were considered
objectlonable and possibly dangerous. Thils abnormal
lateral oscillation was believed to be caused by a reduction

of the damping in roll due to early stalling at the dihedral
juneture.

INTRODUCTION . —

Pilots have reported poor lateral-flight bshavior
at low speeds of airplanes which have tip dihedral. An
investigatlon was therefore made in the langley free-flight
tunnel te determine the effects of tip dlhedral on laterals
flight characteristics.
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The investlgation concisted primarily in flight
tests of similar moedsls having dihadral breaks at
various spanwise locatlions. Tests wers made over a
range of dihedral angle at full-span, half=span, and
quarter-span dihedrals (thnat is, with dihedral breaks
at 0, 50, and 75 percent of the semispan outboard of
the wing root). In order that the investigation might
be gquite general, a range of vartical-tall size from 5
to 15 percent of the wing area was used for each dilhsdral
configuration. The results of the tests are presented in
the form of qualitatlve ratings of the gensral flight
behavior of the modsels to show the effects of tip dihedral
as compared with a full-span dilhedrsal,

SYMBOLS

m . mass of model, slugs
wing area, square feet (2.67 sq ft)
St vertical-tall area, square feet
wing span, feet
v alrspeed, feet per second _
q dynamic pressure, pounds per square foot: (%pV2>
t time, ssaconds

kx radlus of gyration cf model abeout longitudinal
axls, feet '

kZ radius of gyration of medel about-vertical axis,
feet

R Routh's discriminant

E coefficient in stablllty quartic equatlon, given
in reference 1

T yawlng angular veloclty, radians per second
p mass density of alr, slugs per cublc feoot

B angle of sideslip, degrees

2
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angle of yaw, degrees
rolling angular velocity, radians per second

geometric dihedral angle of mean thickness line,
degrees

angle of bank, degress

alrplane relative-dsnsity factor (Eﬁﬁg

11t cosfficlent (E(il—gﬁ
rolling-momsnt coefficient 'Folliggbmomen?>

lateral~force coefflcient (Laterzé forcé)

g momant
aSb

yawing-moment coefficlent <YhWin

rate of change of rolling-moment cosfficisnt with

oCy
angle of sideslip, per dsgree <;Sé>

rate of change of lateral-force coefficient with
C-
angle of sideslip, psr dsgree (2;§§
rate of change of yawlng-moment coeffilcisnt with

oC
angle of sidesllip, per dsgree —§%>

rete of change of rolling-moment ccsefficient with

3¢
rélling-angular-veloclty factor (:5G§5%§r£>

rate of change of yawlng-moment coefficlesnt with

ocC
rolling-angular-velocity factor <35T55?§V{>

rate of change of rolling-moment coefficlent with

30
yawlng-angular-velocity factor <<grggégv§>

3
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C rate of change of yawing-moment—coefficient with

NS

T /dC >
vawling-angunlar-veleclity factor /)
-2V

APPARATUS

The investigation was carried out—in the Langley
free-flight tunnel, which 1s equipped for tusting free-
flylng airplane mndels. A complate description of the
tunnel and 1its operation is glven in referencs 2. Force
tests to determine the static lateral stability dasrivatives
were made on the Langley fres-flight-tunnsl six-compcnent
balance, described in reference 3. This balance rctatss
with the model in yaw, so that all forcss and moments are
maasursad with rasnect to tn= stabiliity axss. The stability
axes are an orthogonal systsm of axes having 1ts origin
at the center of gravity in which the Z-axis is in the
plane of symmetry and perpsndicular te ths relative wind,
the X-axls is in the -plane of symmstry and perpeadlcular
to the Z-axis, and ths Y-axis is perpsndicular tc the plans
nf symmetry.

The control used on free-flight-tunnel medels is
a "flicker" (full-en or full-off) system. (See reference 2,)
During any one flight the contrel deflsctiouns in the full-
on pcsitions are constant and the amnunt of control spplled
to the mndel is ragulated by the number of contrel deflections

used and by the length of time the contrel is held ds3flected.

Two freve-flying models wesrz used for the investigation.
One model had a dihedral brsak at the root and at 50 psrcent
nf th? semispan. The othar had a dihadral break at th3 root
and at 75 parcent of the s2mispan. Althecugh ths modsls ussd
in the tests were not scale models of any particular air-

plane, they approximately represented —=-scale models of

current conventlonal fighter airplanes. The models wsre of
high-midwing design with an angle of sweepback of 0° of the
50-percent~cherd line, taper ratle of Q.5, and span of

4 feet. A three-view drawing and photographs of the models
are shown as figures 1 tec 4. The modsls used were similar

in arrangement to the model used for the tssts of reference 4.

Four vertical tails wsrs used to vary the directional sta-
billity of the meodels. (See fig. 2.)

4
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The mrdel relative-density factor and radli of
gyration wsre:

P' . [} . . . . - . e o . . . . . L] . . L] . [ 3 . » 8-10
kx/b [ ] L] e L] . L] L) . L] . L] L] L] L) L] L] . L] . L . . . O-l6l )
kZ/b L 4 L L) L] . . . L] . ] » L] [} ] . L] . [} . * L] . . Ol24l .

Scope of Tests

Flight tests of the mndel were made at a lift .
coefficient of 1.0 for a range of dihedral angle at the
various spanwise locations and for a rangs of vertical- |
tail area which are considersd representative of present-
day 1limits. The dihsdral angle was varied from -10°
to 20° for the full-span-dihedral tests, frem =20¢ to 40°
for the half-span-dihedral tssts, and from -40° to 409 for
the quarter-span-dihedral itssts. For the half-span-dihsdral
and quarter-span-dihedral tasts the dihedral angls of the
{uboard section was maintainsd at O° while the dlhedral
angle was varied frem ths half-span or quarter-span positions.
The vertical-tail arsa was varied from 5 to 15 psrcant of tihe
wing arsa. - ‘For test condltions at which the behavior of ths
models with tip dihsdral was abnormal at a 1ift coefflclent
of 1.0, additirnal flight tasts wers made for a range of 11ft
coefficient from 0.4 to 1.0. The values of Czﬁ and nB
corresponding to the various test conditions were detormined
from force-test data and are presented in figure 5. Stall
surveys were made with tufts in order to determine the wing-
stall pattearns of the models for variocus dihsdral arrangementse.

Testing Procedure . S

The mrdsl was flown at sach test condltlon by msans
of ailerons couplsd with rudder. A total alleron travsl
of 30° was used for all the flight tests. Ths ruddsr
travels used wsrs selscted by visual obssrvation of
flight tests as the amount nscessary to sliminate the
adverse yawing in alleron rolls.
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The stgbility and ccatrel characteristics were
determined from ths fres-Iflight-tunnel pilot's ocbssr-
vations and motlon-plcture records of flights. The
general flight-behavior ratings were based on the pilot's
opinion rscerdsed fer sach test cendition. Each rating
was basgsed on a number cf 3eparate flights. althrugh the
accuracy of these ratings depended upon the pilot's
abllity to recognize unsatisfactory conditicns, it is
belleved that the ratings give a qualitative indication
of the effact of changes of the variables involvad.

CALCUTLATIONS

Boundaries for neutral spiral stability (E = 0)
and neutral cscilllatory stability (R = 0) were calculated
over the test range by means of the stability squations
of reference 1 and are shown in figures 6 and 8.

Values of the lateral stability derivative Oy
p
used in the calculations wars obtuinsd from forco tusts
of the model. Ths value of the yawing reotary derivative Cn
T
was obtained from fres-oscillatlon tssts af-the medel by
the msthod described in rafsrence 5. Ths other rotary
dsrivativaes CL R Cn , and CL ware estimatsd from the
P b : r
charts of refersnce 6 and the formulas of refersnce 7. Tha
valuss of the mass charactaristics m, kX’ and kg
wars measursd for ths medel.

RESULTS ARD DISCUSSION

The results of ths flight tusts at a 1ift coaf-
ficlent of 1.0 are pressnted in figure 6 in the form of
qualitative ratings of the general flight behavior of
the model. The flight-behavior ratings and the varlations
of the ratings with C,  and C_, as shown in figure 6(a)

for the mndels with full-span dihedral, ars considered
normal’ lnasmuch as they are quite similar te the ratings
obtained in previous free-flight-tunnel tests. These results
wlll therefore bs used as a standard by which to compare the
results of the tests of modsels with half-span and quarter-
span dihsdral.
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The behavior of the model with half-span dihedral
(fig. 6(b)) was similar to that of the modsls with full=
span dihedral for the same values of O, and C_ .

8 g

With the quarter-span dihedral, howsver, the model
was more difficult to fly at a 11ft coefficient of 1.0
than it was with full-spsn dihedral as shnown by a com-
parlson of the ratings cf figures 6(a) and 5(c) for the
same valuss of CZ and C, . This diffsrence In the
E g

flying characteristics was most proncunced at lower values
~f Cn. and higher values of effectlve dihedral, particu-

p
larly fer the model with 40° quarter-span dihedral and
vertical tall 5 percent of the wing arsa (C, = -0.C020

[
6
and Cn = 0.00075). The model, at a 1lift coefficient of

1.0 and with a quartsr-span dlhedral of 402 parformed a
lightly camped lateral oscillation which was predominantly
rolling. As the directional stability was reduced for
this dlhedral arrangemesnt, the rolling csclllation became
more violent and at the lowsst value of directional sta=~
bllity tested (cn = 0.C0075) the motion becams so violent
g - .
that the model was barely flyable., This oscillation 4if=
fered from the type of oscillation usually obtained with
low directional stability and high effective dihedral in
that the rolling was much more ssvere and of shorter
perlod with smaller sidewise displacemsnt. ~The model in
these oscillations described & rapid "falling-leaf"' maneu-
var. The oscillations wsre started by normal control
dsflectlons and gustiness in the tunnel. The pilleot found
these osclllations difficult to check and at times may
have accldentally reinforced them with ailerons. Figure 7(a)
presents a time history of the model in controllad flight
at a %ift crefficient of 1.0 and a quarter-span dihedral
of .400,

At the lowsr 1ift cecefficients the medel was easler
to fly and the rolling oscillations were more heavily
damped, as shown in figure 7(b) (Cy = 0.4). These
lateral flying characteristics at low lift coefficient
were considsred to be fairly good and figurs 7(b) is
presented for.comparison with the flight record of the
model wlth quarter-span dihsdral of 40° at high 1ift
coefficient (fig. 7(a)). Figure 8 presents a comparison

7
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of the flight-behavieor retings for the model with full-
gspan and quarter-span dlhedral for 1lift coefficlents

of 0.4, 0.7, and 1.0. This figure shows that no ap-
preclable diffsrence existed betwesn the flying character-
istics of the quarter-span- and full-span-dlhedral mcdels
at lower 11ft coefflcients. o

The objectionable rolling of the model encountsred
at a 1ift coefficient of 1.0 and a quarter-span dlhedral
of 400 is believed to have been caused by lowsr damping
in roll (g than that -of the model with full-span

dihedral. gtall surveys of the medsls show that—an sarly
stall occurs at the dihedral break of ths quarter-span-
dihsdral mrdal that dres not occur on ths full-span-
dithedral medsl. (Ses fig. 9.) In a roll the downgoing
wing of the mndel is at a high:r effsctive angls of attack
than that for which the medel is trimmed and the upgolng
wing is at a lower effsctlive angle of attack. At high
1ift coefficlents, then, the downgolng wing of the quarter-
span-dihedral medel may be partly stalled and the upgoing
wing unstalled, whersas both wings of the full-span-dihadral
model ars unstalled. Because of thils unsymmetrical stalling
the quarter-span-dihedral model would be svxpect.d to have
a lower value of the damping in roll parameter C; than

P
the full-snan-dihsdral modsl. This ceonclusion has been
substantiatsd by the raesults of full-scals flight tests in
which "falling-lsaf" cscillations wsre encountersd when
early tip stall occurrsd.

The wing-tip stalling, and consequent reduction of Clp
of the quarter-span-dihedral model would probably be
intensified by any adverse yawing which occurred. The
dlscrepancy between the flight ratings for ths lull-span-
dihedral and quarter-span-dihedral models was therefore
greater for test conditions having low directlonal stability

than for these having high directional stability. (Ses fig. 6.)

The low scale at which tests ware made must be con-

sidsered when an analysis is made of the present data, bacause

the stalling at the dlhedral break of full-scale airplanes
with tlp dihedral will not necessarlly be 'ths same as for
the modsels tssted. It is belisved, however, that large
anglss of tip dihedral will tend to cause poor latsral
stabllity at low spesds and sh~uld therefore be avoldsd.
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CONCLUSIONS

Free-flight-tunnel tasts of free-flylng mecdels
have shown that at high 11ft coefficients tip dihsdral
may cause a lightl dam;ed lateral oscillatiocn (pre-
dominantly rﬁlling§ which dees not occur with full-
span dlhedral at similar values of effective dihedral
and directlional stabllity. This abnormal latsral oscil-
lation is belisved to bs caused by & reduction of _the
damping in reoll due to early stalling at the dihedral
break. No apparsnt diffarence existed between the flying
characteristics of the mndsls with full-span and tip
dihedral for the lowsr 1lift coefficilents.

In order to establish definitely the reas~ns for the
poor lateral-stabllity charactsristics at high 1ift cosf-
flecisnts with tlp dlhsadral, valuss of ths damping in roll
paramster C, should bs measursd for the various

P
conditlions tzstad, and an independent study eof the effect
nf stall patterns on latsral stabllity at high 1ift cosf-
ficisnts should be mado.

Langley Memorial Asronautlcal Laberatory
Naticnal Advisory Committee fer Asrconautics
Langlay Field, Va., June 12, 1946
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({a) Quarter-span-dihedral model.

{b) Half-span-dihedral model.

Figure 3.- Front view of models used in tip-dihedral
investigation.
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Figure 4.- Three-quarter rear view of models used in
tip-dihedral investigation.
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